Rationale Marijuana is a popular drug of abuse among adolescents, and they may be uniquely vulnerable to resulting cognitive and behavioral impairments. Previous studies have found impairments among adolescent marijuana users. However, the majority of this research has examined measures individually rather than multiple domains in a single cohesive analysis. This study used a logistic regression model that combines performance on a range of tasks to identify which measures were most altered among adolescent marijuana users. Objectives The purpose of this research was to determine unique associations between adolescent marijuana use and performances on multiple cognitive and behavioral domains (attention, memory, decision-making, and impulsivity) in 14-to 17-year-olds while simultaneously controlling for performances across the measures to determine which measures most strongly distinguish marijuana users from nonusers. Methods Marijuana-using adolescents (n045) and controls (n048) were tested. Logistic regression analyses were conducted to test for: (1) differences between marijuana users and nonusers on each measure, (2) associations between marijuana use and each measure after controlling for the other measures, and (3) the degree to which (1) and (2) together elucidated differences among marijuana users and nonusers.
Introduction
Recent reports indicate 3.6 % of adolescents report daily marijuana use by tenth grade, and use becomes more prevalent in later adolescence (Johnston et al. 2011) . This is particularly concerning because adolescent marijuana use may result in lasting cognitive deficits and behavioral problems (Schneider 2008; Steinberg 2004; Steinberg et al. 2008; King et al. 2011) . Studies in animals indicate the endocannabinoid system is especially sensitive to Δ 9 -tetrahydrocannabinol (THC) exposure during adolescence and can result in permanent structural brain changes with persistent cognitive and behavioral impairments (Schneider 2008; Trezza et al. 2008; Bossong and Niesink 2010; Malone et al. 2010) . A better understanding of the relative cognitive and behavioral impairments present in adolescent marijuana users may provide insight into the risks this population faces for developing psychiatric conditions including psychotic and affective disorders, as well as more severe substance use disorders (Bossong and Niesink 2010; Moore, et al. 2007; Morral, et al. 2002; Rubino, et al. 2012; van Laar, et al. 2007 ). Below we review findings across four cognitive and behavioral domains (attention, memory, decision-making, and impulse control) in adolescent and adult marijuana users.
Attention
Adult users who began using marijuana before age 16 show impairments on a visual scanning attention task (Ehrenreich et al. 1999) . Current and abstinent adult marijuana users performing a visual attention task also show less activity in right prefrontal, medial, and dorsal parietal cortical regions and greater activity in multiple frontal, parietal, and occipital brain regions relative to controls, suggesting altered regulation of attention circuitry (Chang et al. 2006) . Adolescents who use marijuana regularly have deficits in sustained attention relative to nonusers or occasional users (Jacobsen et al. 2004; Harvey et al. 2007) , despite relatively brief histories of marijuana use, and attention deficits present in adolescent marijuana users appear to persist even after extended (3-week) abstinence periods (Hanson et al. 2010; Medina et al. 2007 ).
Memory
Both adolescent and adult marijuana users reportedly have impaired performance and altered brain activity across several forms of memory. Adults who are heavy marijuana users have short-term memory impairments (Wilson et al. 1994; Heishman et al. 1997; Pope and Yurgelun-Todd 1996; Mendhiratta et al. 1988) , and adolescents who are heavy marijuana users have significant short-term memory impairments even after 6 weeks of abstinence (Schwartz et al. 1989) . Adolescent marijuana users also have impaired recognition memory (Solowij et al. 2011) , and adult and adolescent marijuana users show persistent deficits in recall memory (e.g., Miller et al. 1977 Miller et al. , 1978 Schwartz et al. 1989; Heishman et al. 1997; Bolla et al. 2002) , with adolescents reporting earlier onset of use showing greater recall memory deficits (Solowij et al. 2011) . Poor recall memory performance in adult marijuana users is accompanied by decreased activity in the prefrontal cortex, increased activity in the cerebellum, and altered hippocampal lateralization (Block et al. 2002) . In adolescents users, impaired recall memory has been related to increased cerebral blood flow to the left superior medial temporal gyrus (Jacobus et al. 2012) . There is evidence that recall deficits can recover with extended abstinence in moderately heavy using adolescents (approximately four uses per week; Hanson et al. 2010 ).
Additionally, adolescent and adult marijuana users show altered activity in frontal cortical and parietal cortical regions while performing working memory tasks, despite a lack of behavioral differences (Schweinsburg et al. 2008 Jager et al. 2010; Kanayama et al. 2004 ). These results indicate that memory impairments and altered functioning in neural substrates supporting these processes may already be a prominent characteristic of adolescent marijuana users.
Decision-making
Several studies have reported decision-making deficits in adult marijuana users, but similar measures have not been studied extensively in adolescents. Adults who are heavy marijuana users have impaired decision-making during a card sorting task compared to infrequent users (Pope and YurgelunTodd 1996) . They also show decision-making impairments on the Iowa Gambling Task (IGT) after both acute and extended abstinence periods (Whitlow et al. 2004; Wesley et al. 2011; Bolla et al. 2002 Bolla et al. , 2005 . Adult marijuana users also have less activity following losses on the IGT in the anterior cingulate cortex, medial frontal cortex, precuneus, superior parietal lobe, occipital lobe, and cerebellum (Wesley et al. 2011) , indicating neural circuitry regulating decision-making may also be altered. However, it is unclear whether similar decision-making impairments are present in adolescents.
Impulse control
Impaired impulse control during early adolescence may contribute to marijuana use (Mezzich et al. 2007; Gullo and Dawe 2008; King et al. 2011 ) and marijuana use during adolescence could plausibly interfere with normal development of impulse control. Commonly used behavioral measures of impulsivity appear to index a range of neuropsychological processes (de Wit and Richards 2004; Dougherty et al. 2009; Evenden 1999; Moeller et al. 2001; Winstanley et al. 2006 ) and frequently include three distinct processes: (1) rapid responding that occurs before complete processing and evaluation of a stimulus (i.e., response initiation, as measured by continuous performance or go/no go tasks), (2) failure to inhibit an already initiated response (i.e., response inhibition, as measured by stop signal tasks), and (3) reward-directed responding that persists despite less than optimal outcomes (i.e., consequence sensitivity, as measured by delay discounting and related delayed reward choice measures) (Dougherty et al. 2005) . Adult marijuana users have altered frontal cortical activity (Eldreth et al. 2004; Tapert et al. 2007 ) and impaired performance (Bolla et al. 2002) during inhibition tasks. Young adult marijuana users (18-26 years old) show impaired consequence sensitivity relative to drug-naive controls on the Information Sampling Test (Clark et al. 2009 ). Finally, adolescent marijuana users with conduct disorder have increased response initiation impulsivity on a continuous performance task relative to nonuser controls ). Given these findings, otherwise healthy adolescent marijuana users may be expected to show deficits on all three impulsive processes outlined above, although this has not been empirically demonstrated.
Collectively, these results indicate adolescent marijuana users show impairments similar to those present in adult marijuana users with much longer use histories. The purpose of the present study was to test a sample of adolescent marijuana users and nonusers on a battery of cognitive and behavioral measures that have been found to be altered in marijuana users. Measures are tested individually, as in previous research, as well as in a combined model. The use of a combined model including a number of cognitive and behavioral variables at one time allows for the identification of specific processes that are most strongly associated with adolescent marijuana users. The aim of this research was to reveal specific impairments that drive broader differences observed between adolescent marijuana users and nonusers in order to guide future research on the etiology and treatment of marijuana use disorders.
Methods
Participant recruitment, screening, and enrollment procedures Adolescents were recruited from the Winston-Salem, NC area and classified based on their history of marijuana use. Users (n045) reported using marijuana a minimum of 4 days/week for at least the last 6 months. Nonusers (n048) had no previous experience with marijuana. The institutional review boards of Wake Forest University Health Sciences and The University of Texas Health Science Center at San Antonio approved the study procedures, which were carried out in accordance with the ethical standards laid down in the 1964 Declaration of Helsinki. Privacy was further protected by a Certificate of Confidentiality from the Department of Health and Human Services.
Recruitment
Volunteers responded to radio and television advertisements for "a research study comparing how using or not using marijuana affects mood, attention, and problem solving." Adolescents and a parent or legal guardian were first interviewed over the telephone to obtain general demographic and health characteristics (see Shannon et al. 2007) . Interested respondents were invited for a comprehensive on-site interview to determine eligibility.
Screening procedures
Data were gathered from the adolescent and/or the parent/ guardian by a collateral observer for both groups. A physician assistant conducted a detailed health history and a physical examination of each adolescent to check for visual or motor impairments that might affect ability to comply with study procedures and to screen for the presence of serious medical conditions. Both the adolescent and the parent/guardian were interviewed using the Kiddie Schedule for Affective Disorders and Schizophrenia: Present and Lifetime Version (K-SADS-PL; Kaufman et al. 1997) to assess psychiatric status. The Wechsler Abbreviated Scale of Intelligence (WASI; Psychological Corporation 1999) was administered to the adolescent to assess intelligence. The adolescent was also interviewed using the Drug History Questionnaire (DHQ) to quantify current and lifetime substance use. For adolescents reporting marijuana use, the Modified Substance Use Disorders Module (Martin et al. 1995 (Martin et al. , 2000 of the Structured Clinical Interview for DSM-IV-TR Disorders (SCID; First et al. 2002) was administered. These data were self-reported and answers were not shared with the parent/legal guardian.
Upon arrival on both screening and experimental days, adolescents provided breath and urine samples to verify absence of recent use of alcohol, cocaine, benzodiazepines, opiates, or amphetamines (and THC in the nonuser group). Breath samples were tested using the Alcotest® 7110 MKIII-C device (Draeger Safety Inc., Durango, CO, USA). Urine was tested using the Panel-Dip Drugs of Abuse Testing Device (Redwood Biotech, Santa Rosa, CA, USA).
Exclusion criteria included: (1) physical conditions (e.g., dyslexia, motor impairments, or serious vision problems) that would interfere with reading forms or responding on a computer, (2) current or past DSM-IV Axis I psychiatric disorder, or (3) a full scale IQ <70. Marijuana users were required to have no more than ten lifetime uses of any illicit drug other than marijuana, and controls were required to have never used any illicit drugs. Subjects who met past or present criteria for substance use disorders other than marijuana use disorders (users) or any past or present substance use disorder (nonusers) were excluded. Current and lifetime alcohol and cigarette use were not exclusionary for either group.
Experimental procedure
On the testing day, qualified participants arrived between 8:30 and 9:00 a.m. and provided breath and urine samples for alcohol and other drug screening. Participants completed the Barratt Impulsiveness Scale (BIS-11; Patton et al. 1995; Stanford et al. 2009 ). Users also completed the 47-item Marijuana Craving Questionnaire (Heishman et al. 2001 ). This questionnaire comprises 47 statements rated 1 to 7 (i.e., strongly agree to strongly disagree) to assess current thoughts or feelings about marijuana use (e.g., "Right now, I am making plans to use marijuana" and "I would feel less anxious if I smoked marijuana right now"). Total marijuana craving scores can range from 47 to 329.
Participants completed cognitive and behavioral performance tests measuring five domains: (1) attention, (2) memory, (3) decision-making, (4) impulse control, and (5) intelligence. Intelligence was always assessed first on the screening day; the order of administration of the remaining tasks was counterbalanced within each group.
Verification of abstinence from marijuana use
Users were required to abstain from marijuana use between the screening and testing visits (at least 18 h of abstinence). Abstinence was assessed by calculating change in the urinary THC to creatinine ratio; an increase greater than 50 % from screening to testing was exclusionary (Huestis et al. 1995; Huestis and Cone 1998; Kouri et al. 1999) . Three participants in the user group were excluded for increases of 162 %, 236 %, and 598 %. THC and creatinine were measured by our reference laboratory (Norchem Drug Testing; Flagstaff, AZ, USA).
Cognitive and behavioral domain measures

Attention
Sustained attention was assessed using two measures: the Rapid Visual Information Processing (RVP), and IMT Correct Detections.
Rapid visual information processing
The RVP, a component of the Cambridge Neuropsychological Test Automated Battery (CANTAB; CeNeS Limited 1999), tests sustained attention involving identification of target number sequences. During the RVP, digits ranging from 2 to 9 are presented in pseudorandom order at 100 digits/min during a 7-min session. Participants must identify target sequences of digits (e.g., 3-5-7, 2-4-6, or 4-6-8) by pressing a button. After a brief practice, 27 sequences were randomized within a 4-min testing period. The primary measure is the number of Total Correct Identifications.
Immediate Memory Task
The Immediate Memory Task (IMT) Dougherty and Marsh 2003 ) is a modified Continuous Performance Test (Beck et al. 1956 ). It assesses attention and response initiation impulsivity, defined as a response to a target stimulus before complete processing of that stimulus Dougherty and Marsh 2003) . In this computerized task, a series of five-digit numbers are presented in rapid sequence (500 ms on, 500 ms off) during a 10-min session. Participants are instructed to respond to a number that matches the previous number. Sustained attention is assessed by the total of correct detections of consecutive matching five-digit numbers. The primary measure of sustained attention in the IMT is the total number of Correct Detections.
Memory
Two measures were used to assess verbal learning and shortand long-term aspects of memory, the Brown-Peterson Memory Test (B-P), and the Buschke Selective Reminding Test (BSRT).
Brown-Peterson Memory Test
The B-P (Brown 1958; Peterson and Peterson 1959; Mertens et al. 2006 ) is a validated test of short-term memory and recall that involves consonant trigrams (for example, QLX and SZB). After hearing each trigram, a participant is given a random number and told to count backwards and out loud by three from that number (for example, "98, 95, 92 …"). After a delay interval of 9, 18, or 36 s, the participant is asked to recall the consonant trigram. Delay intervals are presented in randomized order. There are five trials of each delay interval for a total of 15 trials. The primary variable of the B-P is the number of Total Correct Trigrams Recalled.
Buschke Selective Reminding Test
The BSRT (Buschke 1973; Beatty et al. 1996 ) is a validated measure of verbal learning and transfer into long-term memory storage. A list of 12 common words is read to the participant, who then attempts to recite as many of them as possible within 60 s (Trial 1). Next, the participant is "selectively reminded" of forgotten words by hearing words that were not recalled during Trial 1. The participant is then given another 60 s to recall as many of the 12 original words as possible (Trial 2). The reminding/recall cycle is continued until 12 trials are completed. The number of Total Words Recalled and Consistent Long-Term Retrieval (total number of words consistently recalled from trial to trial without further reminding) are the primary measures of learning and memory.
Decision-making
Two measures were used to assess decision-making, the IGT and the Intradimensional/Extradimensional Shift (ID/ED) test.
Iowa Gambling Task
The IGT (Bechara et al. 1997 ) is a 15-min computerized task in which participants choose from four decks of cards that result in rewards of different magnitudes and associated losses. Each deck (labeled A, B, C, and D) contained 60 cards, and participants made 100 choices during the testing session. Two decks of cards led to short-term minimal monetary rewards but were more advantageous eventually due to larger losses in the other two decks. The primary dependent measure of the IGT is the Total Difference Score, calculated as the number of advantageous choices minus disadvantageous choices.
Intradimensional/Extradimensional Shift
The ID/ED test (CeNeS Limited 1999) is a modification of the Wisconsin Card Sorting Task (WCST; Heaton 1993). Pairs of stimuli (one correct and one incorrect) are presented in nine stages, each defined by a selection criterion. After six consecutive correct responses in each stage, the selection criterion changes. The participant infers criterion changes from feedback following each correct or incorrect choice. There are both intra-and extradimensional stages. For example, an intradimensional attribute might be color-filled shapes and an extradimensional attribute might be lines overlaying shapes. The primary dependent variable is the number of Total Errors (Adjusted), which includes predicted errors for individuals who fail to complete all stages (CeNeS Limited 1999).
Impulsivity
Impulsive behavior was assessed using the IMT, the GoStop Impulsivity Paradigm (GoStop), the Two Choice Impulsivity Paradigm (TCIP), and the Single Key Impulsivity Paradigm (SKIP).
Immediate Memory Task
The IMT also measures impulse control. Impulsivity is defined as responses (i.e., commission errors) to near-matches of the five-digit numbers presented. The primary dependent variable of IMT impulsivity is the total number of Commission Errors.
GoStop Impulsivity Paradigm
The GoStop task (Dougherty et al. 2003c (Dougherty et al. , 2005 assesses the ability to withhold an already initiated response in the face of changing information. In this task, five-digit numbers are presented in rapid sequence (500 ms on, 1,500 ms off), half of which are exact matches to the immediately preceding number. Matching numbers include "go" trials, numbers presented in black for the full 500 ms, and "stop" trials, numbers that change from black to red at one of four predefined delays: 50, 150, 250, or 350 ms after stimulus onset. Participants must respond to a matching number while it is still on the screen, but withhold that response if it changes from black (go) to red (stop). The primary dependent variable of the GoStop is the total number of incorrect responses to the stop stimuli, the Inhibition Failures. Because previous research has shown that the 150-ms stop delay best discriminates between impulsive and control groups (e.g., Dougherty et al. 2003a; Dougherty et al. 2009; , only data for those trials are analyzed in this study.
Two Choice Impulsivity Paradigm
The TCIP (Dougherty et al. 2003a (Dougherty et al. , 2005 tests consequence sensitivity aspects of impulsivity, offering discrete choices between rewards of different magnitudes and temporal delays (Dougherty et al. 2005) . Fifty choices between a circle and square are presented simultaneously on a computer monitor (left/right orientation randomized). Choosing a circle earns five points after a 5-s delay; choosing a square earns 15 points after a 15-s delay. Participants infer the delay/reward contingencies during a practice session of five circles and five squares presented individually. Points earned are displayed throughout the 5-to 13-minsession. The primary dependent variable of TCIP impulsivity is the number of Total Short Choices.
Single Key Impulsivity Paradigm
The SKIP (Dougherty et al. 2003b (Dougherty et al. , 2005 tests consequence sensitivity aspects of impulsivity, but uses free operant choices for rewards. In a 20-min session, the participant can respond freely by clicking a computer mouse. Each response earns points that increase linearly as the length of the delay between responses increases. The participant infers the delay/reward contingencies from point counters that display the points earned for each response, which provides immediate feedback about the delay/reward contingency, as well as the total accumulation of points earned. The primary dependent variable of SKIP impulsivity is the number of Total Responses.
General intellectual ability
Intelligence was measured using the WASI (Psychological Corporation 1999). The WASI estimates intelligence based on the sum of four subscale scores: vocabulary, block design, similarities, and matrix reasoning. IQ scores are calculated using age-based norms. Full scale IQ score was the primary measure of intelligence.
Data analyses
Characteristics of the marijuana user and nonuser groups were compared with Chi-square (i.e., gender and ethnicity) and two-tailed independent samples t tests (i.e., age and BIS-11). Before primary analyses, scores from each task were transformed to Z-scores to allow for effect size comparisons across measures.
We used logistic regression to test the primary hypotheses regarding which cognitive and behavioral variables were most robustly associated with marijuana use. For each variable that reflects cognitive and inhibitory control, logistic regression provides an odds ratio (OR) statistic and a Wald test. For the combined variable analysis, Nagelkerke's R 2 reflects the proportion of variance in marijuana use explained by the set of independent variables entered, and the overall accuracy of using those variables to classify participants into either group (users or nonusers) is reported. Logistic regression was chosen because this method allowed us to examine the relative combined and unique relation of each aspect of impulsivity and information-processing variable with marijuana use or nonuse. Additionally, logistic regression is designed for binary outcomes (user versus nonuser) and requires less restrictive assumptions about the normality of the distribution of data than do traditional parametric t tests, correlations, and linear regression. This is important for this research because many of our variables were not normally distributed.
We evaluated the strength of the association between marijuana use and each measure of impulsivity and information processing by conducting separate one-predictor logistic regression analyses to determine the degree to which each variable, by itself, was associated with marijuana use or nonuse. Each analysis treated the group as the dependent variable and a cognitive or inhibitory control variable as a predictor variable. These analyses reveal the degree to which marijuana users differ from nonusers on each cognitive and inhibitory control variable. Next, we combined all 12 variables in one multiplepredictor logistic regression model to determine which variables accounted for the differences between groups when controlling for scores on other variables. This final analysis allows us to identify the specific processes that differ most between adolescent marijuana users and nonusers while simultaneously controlling for performances across all measures.
Results
Demographic characteristics
Groups did not differ significantly in terms of age, gender, or ethnicity. There was no association between age and either selfreported trait impulsivity (BIS-11) or performance on any impulsivity or information-processing tasks (p>.01, Bonferroni correction for multiple comparisons). Compared to nonusers, users showed significantly greater trait impulsivity, as measured by BIS-11 Attention, Motor, and Nonplanning subscales (Table 1) .
Users reported smoking marijuana an average of 5.2 days/ week (±1.2), with an average of 2.8 (±1.7) years of marijuana use ( Table 2 ). The age of onset of DSM-IV clinical symptoms of problem marijuana use was 15.3 years. Among users, 77 % met DSM-IV criteria for marijuana abuse (n015) or dependence (n020). The median score on the Marijuana Craving Questionnaire was 81.44 (range 61-99). The average THC/ creatinine ratio was significantly reduced among users between the screening and experimental testing sessions (F1,41011.8, p0.001; screening dayM01.7±1.9; testing dayM01.2±1.4). No participants met criteria for abuse or dependence for any other drug. Among all users, 40 % had never used any illicit drugs other than marijuana, and only one tested positive for a drug besides THC (benzodiazepine). This subject reported taking alprazolam (Xanax®) 2 days before testing. Two other subjects reported other illicit drug use in the past week; however, most subjects reported their most recent other illicit drug use was at least a few months prior to testing. Participants in both groups who had ever used alcohol (users: n038; nonusers: n020) or cigarettes (users: n044; nonusers: n012) had a similar age of onset for alcohol (users: M0 13.69±2.00, nonusers: M013.95±2.84) and cigarettes (users: M012.93, SD 2.29, nonusers: M012.27±3.93). Most of the sample did not report regular cigarette use.
Group differentiation: individual analyses of behavioral measures
Users showed poor performance on measures of attention and memory compared to nonusers, as well as higher rates of decision-making errors and greater impulsivity (Table 3) . Although there was a difference in IQ between users and nonusers, it did not reach statistical significance, t(91)01.86, ns. The left column of Table 4 depicts the results of the individual analyses, which tested associations between each cognitive and behavioral measure and being a user or nonuser. Several measures were significantly related to group membership: IMT Correct Detections (Wald 06.09, p 0.011), Brown-Peterson Total Recall (Wald 013.45, p 0.000), BSRT Total Recall (Wald05.57, p0.014), ID/ED Total Adjusted Errors (Wald05.67, p0.008) and TCIP Proportion Short Responses (Wald09.73, p0.001).
Group differentiation: combined analyses of behavioral measures
The model containing all 12 behavioral variables accounted for a significant amount of the variance between groups (12)037.48, p0.000), with an overall classification accuracy of 80 % (81 % of nonusers and 78 % of users). This multiple-predictor analysis describes the relative association of each predictor with being a user or nonuser when other predictors are held constant (Table 4 , right). Lower memory scores for p0 .012) and higher impulsivity scores for TCIP Short Response (Wald07.51, p0.012) were associated with being in the user group. In addition, there was a trend for more inhibition failures among users on the GoStop 150-ms stop delay (Wald03.03, p0.060) compared with nonusers. Thus, shortterm memory deficits and impulsivity were significantly and uniquely related to marijuana user group membership.
Effects of cigarette and alcohol use
Although marijuana use was the primary drug used by our participants, a significant number reported cigarette and/or alcohol use in the previous year. In order to remove possible confounding effects of using these substances on our results, the combined variables analyses were repeated including the self-reported number of cigarettes smoked in the previous year, similar to previously reported methods with marijuanausing adolescents and adults (e.g., Chen et al. 1997) , as well as the number of alcoholic drinks consumed in the previous year. This model accounted for a significant amount of the variance between groups (Nagelkerke's R 2 0.55, χ 2 (14)049.39, p0.000), with an overall classification accuracy of 86 % (90 % of nonusers and 82 % of users). Results indicate the same two variables remained significantly related to marijuana use: TCIP total short responses (Wald 03.94, p 0.047) and B-P total correct trigrams recalled (Wald04.89, p0.027). As in the original analyses, no other cognitive and behavioral variables were significantly associated with group membership (all ps>.05).
Discussion
In this study, being an adolescent marijuana user was associated with impaired performance on measures of sustained attention, short-term memory, decision-making, impulse control (both response inhibition and consequence sensitivity types), and intelligence. When these same processes were analyzed while holding other cognitive and behavioral performance variables constant, unique impairments on the short-term memory and consequence sensitivity impulsivity measures were revealed among the marijuana-using adolescents. Additionally, similar patterns of scores were observed when controlling for cigarette smoking and alcohol use. Finally, we correctly classified 80 % of participants as users or nonusers based on scores on the 12 behavioral tasks. 
Implications of attention findings
Consistent with previous studies, impaired sustained attention was associated with adolescent marijuana use (Jacobsen et al. 2004; Harvey et al. 2007 ). The IMT appeared to be more sensitive than the RVP (possibly due to stimulus complexity and/or number of trials); however, performances on attention measures were not associated with marijuana use after controlling for other predictors. This suggests that impairments on measures other than sustained attention were more robustly associated with being an adolescent marijuana user.
Implications of memory findings
Our observation that impairments in short-term recall memory are strongly associated with being an adolescent marijuana user is consistent with previous reports in adolescent and adult marijuana users (e.g., Miller et al. 1977 Miller et al. , 1978 Schwartz et al. 1989; Hanson et al. 2010; Heishman et al. 1997) . Adult marijuana users have substantially impaired short-term and recall memory (Mendhiratta et al. 1988; Wilson et al. 1994; Pope and Yurgelun-Todd 1996; Heishman et al. 1997; Bolla et al. 2002) , as did marijuana-dependent adolescents even after 6 weeks of continuous monitored abstinence (Schwartz et al. 1989) . Memory deficits in adolescents, who have used marijuana for relatively fewer years, appear similar to those in adults with decades of marijuana use (Solowij et al. 2002 (Solowij et al. , 2011 . In contrast, deficits in verbal learning and transfer into long-term memory storage were not robustly associated with marijuana use, indicating deficits in these processes may not be a defining characteristic of adolescent marijuana users. Collectively, these findings support the suggestion that adolescent marijuana users may have altered prefrontal development and connectivity with parahippocampal regions, which may underlie impairments in short-term memory (Jager et al. 2010 ).
Implications of decision-making findings Lane et al. (2007) reported that heavy marijuana users showed impaired performance on the WCST relative to control participants with limited marijuana use. A similar task and sample was used in our study. Although we found that performance on the ID/ED task discriminated between marijuana users and nonusers, neither decision-making task predicted group membership in the combined variable analysis. These results suggest that impaired decisionmaking is not a primary deficit of adolescent marijuana users. However, both measures of decision-making used in the present study also include significant learning components, so these findings may be related to a limited influence of adolescent marijuana use on learning abilities.
Implications of impulsivity findings
Increased impulsivity among marijuana users in our study is also consistent with previous findings. Adult marijuana users have altered brain activity or performance on inhibition tasks (Bolla et al. 2002; Eldreth et al. 2004; Tapert et al. 2007 ). Our study suggests that response consequence sensitivity, and to a lesser extent response inhibition impulsivity (but not response initiation impulsivity), is robustly associated with being an adolescent marijuana user. Previous research in adolescent marijuana users also showed poorer performance on the Information Sampling Test (Clark et al. 2009 ), consistent with greater consequence sensitivity impulsivity, and impaired response inhibition ). In addition, adolescents with more impulsive performance on the TCIP lapse to marijuana use earlier in treatment trials (Dawes et al., in preparation) , suggesting that the consequence sensitivity aspect of impulsivity may be important in response to treatment. Increased consequence impulsivity and response inhibition impulsivity occurs in individuals at risk for developing drug and alcohol use disorders (Acheson et al. 2011a, b; Nigg et al. 2006; Rubio et al. 2008; Saunders et al. 2008) , suggesting that these traits may precede marijuana use and could have contributed to initiating drug use.
Implications of groups' substance use experience A limitation of this study is participants' exposure to substances other than marijuana in our user group. However, these participants had relatively little experience with substances other than marijuana and identified marijuana as their drug of choice. Controlling for cigarette and alcohol use within the last year produced very similar results to our original analyses, suggesting our results pertain to the specific associations between marijuana use and the cognitive and impulse control variables. It is not possible to distinguish from this data whether these differences could be observed before exposure to marijuana or whether they are a consequence of marijuana use. Given the relatively short duration of use, it seems plausible that these deficits existed prior to marijuana use. To address this, we are currently conducting longitudinal studies using similar measures in children at risk for substance use disorders and will be testing these individuals across adolescence.
Overall study implications and future directions Our study extends previous findings by demonstrating that impaired short-term recall memory and increased consequence sensitivity impulsivity are most strongly associated with adolescent marijuana users among the battery of measures we tested. This provides a foundation for future studies to target specific processes and corresponding neurobiological substrates altered in adolescent marijuana users. These impairments may relate to these individuals' increased risk for future psychiatric conditions, including psychotic and affective disorders as well as more severe substance use disorders (Bossong and Niesink 2010; Moore et al. 2007; Morral et al. 2002; Rubino et al. 2012; van Laar et al. 2007) . Prospective studies are needed to determine to what extent these impairments may be a cause or consequence of marijuana use, and we are currently conducting this research. Finally, treatment strategies that better account for these impairments may result in improved compliance and minimized relapses.
